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Abstract: The increase in life expectancy has confronted cardiac surgery with a rapidly growing population of elderly pa- 
tients requiring surgical myocardial revascularization. Recent advances in surgical and anesthetic techniques and im- 
provements in postoperative care have made coronary artery bypass grafting an established therapeutic option for the 
treatment of coronary artery disease in this group of patients. However, conventional coronary artery bypass grafting on 
cardiopulmonary bypass is associated with significant risk and related morbidity and mortality in the elderly. In recent 
years off-pump coronary artery bypass grafting has emerged as a safe and less invasive strategy for surgical myocardial 
revascularization. Off-pump coronary artery bypass grafting by avoiding the deleterious effects of cardiopulmonary by- 
pass can offer potential benefits to elderly patients requiring surgical myocardial revascularization. This review article 
provides an overview of the age-related cardiovascular changes, epidemiology of coronary artery disease in the elderly 
and focuses on outcomes of surgical myocardial revascularization with special emphasis on the impact of off-pump coro- 
nary artery bypass surgery in the elderly. 
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INTRODUCTION 

The elderly population in the Western world is growing 
exponentially. The age group defined as "elderly" in the lit- 
erature has gradually increased from >65 years to >80 
years. The greatest increase in numbers undergoing heart 
surgery has occurred in the oldest group of persons, those 
aged >85 years [1]. Among the 25 000 coronary artery by- 
pass grafting (CABG) operations performed every year in 
the United Kingdom, almost a quarter of the patients are 
aged >70 years, and 8% are >75 years [2]. This aging sur- 
gical population, not unexpectedly, has a relatively greater 
prevalence of cerebrovascular disease, left ventricular dys- 
function, diabetes mellitus, chronic obstructive pulmonary 
disease, renal impairment and peripheral arterial disease [3- 
5]. Therefore, such elderly people with multiple comorbid- 
ities tend to have a high rate of complications after CABG 
[3]. Indeed, old age alone (ie, >75 years) is an independent 
risk factor for poor outcomes after CABG [4]. 

AGE-RELATED CARDIOVASCULAR CHANGES 

In all, 80% of patients >80 years have identifiable car- 
diovascular disease [6]. Age-related changes occur in small 
and large vessels and in the heart itself, reducing physiologi- 
cal reserves. Most patients show no signs of impaired hemo- 
dynamic performance at baseline, but stresses of anesthesia 
will often uncover their limited cardiac reserve [6]. 

Heart 

Aging is associated with numerous molecular, ionic, bio- 
physical and biochemical changes in the heart [5,7,8]. These 
changes affect protein function, mitochondrial oxidative 
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phosphorylation, calcium kinetics, excitation-contraction 
coupling, myofilament activation, contractile response, ma- 
trix composition and regeneration, cell growth and size, and 
apoptosis [5]. 

Age-related changes in cardiac morphology are mostly 
the result of alterations of intracellular molecular and bio- 
chemical pathways. In turn, many of the changes in cardiac 
function with advancing age develop in response to underly- 
ing alterations in morphology. Ultimately, cardiac aging re- 
sults in decreased mechanical and contractile efficiency, pro- 
longation of the relaxation phase, stiffening of myocardial 
cells, mural connective tissue and valves, decreased number 
of myocytes, increased myocyte size, increased rate of myo- 
cyte apoptosis and blunted (3-adrenoceptor-mediated contrac- 
tile and inotropic response [9-11]. 

Vasculature 

Aging affects various aspects of vascular morphology 
and function. The large arteries dilate, their walls thicken, 
the wall matrix changes, elastolytic and collagenolytic activ- 
ity increases and smooth muscle tone increases. As a result, 
vascular stiffness increases with advancing age [8,12,13]. 
Increased vascular stiffness leads to elevated systolic arterial 
pressure and pulse-wave velocity, and to early reflected 
pulse pressure waves and late peak systolic pressure, thereby 
augmenting aortic impedance and cardiac mechanical load 
[8]. In this way, arterial stiffening triggers a variety of car- 
diac adjustments. Some of these adjustments are additional 
and are similar to the age-related intrinsic changes in cardiac 
morphology and may, therefore, be expected to worsen car- 
diac performance [13]. 

Coronary Circulation 

Aging is associated with structural and functional chan- 
ges in the coronary vasculature, which could affect myocar- 
dial perfusion with advancing age. The gradual age-related 
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decline in coronary flow reserve may be a result of elevated 
baseline cardiac work and myocardial blood flow [14] or 
abnormal vasodilator capacity. Such a reduced dilator re- 
serve may be the result of impaired endothelium-dependent 
dilation of large epicardial and resistance coronary vessels 
[15], decreased basal and stimulated release of nitric oxide 
by the coronary endothelium [16], or increased coronary 
vasoconstrictor effect of endothelin-1 (ET-1) [17]. Endo- 
thelin plasma concentrations increase with increasing age 
[18]. 

AGE AND ISCHEMIC HEART DISEASE 

Aging affects cardiovascular risk factors, incidence and 
clinical manifestation of cardiac disease, treatment strategies 
and prognosis [13]. Cardiovascular disease is superimposed 
on age-associated changes in cardiac and vascular character- 
istics. The final pathophysiological mechanism and clinical 
presentation result from an interaction between age-related 
changes in cardiovascular physiology and cardiovascular 
disease. 

Chronic Ischemic Heart Disease 

The diagnosis of ischemic heart disease may be more 
difficult in the elderly. Reduced physical activity with age 
limits the occurrence of demand angina. Possibly related to 
the age-related changes in myocardial compliance and dia- 
stolic relaxation, dyspnea, rather than pain, may dominate 
the clinical picture of myocardial ischemia and infarction. 
The predictive value of a negative exercise stress test is low 
in a population with a high prevalence of ischemic heart dis- 
ease. As many elderly people are unable to exercise to 85- 
90% of their predicted maximum heart rate, a pharmacologi- 
cal stress test with thallium scan or echocardiogram is often 
of greater diagnostic accuracy [13]. 

Although the goal and choice of anti-ischemic treatment 
are generally similar in young and old patients, the elderly 
must be expected to be more sensitive to the hypotensive 
effects of certain anti-ischemic drugs because of blunted 
baroreceptor reflex activity and sympathetic responsiveness, 
and increased myocardial and vascular stiffness. As a result 
of the same age-related decrease in sympathetic responsive- 
ness, myocardial ischemia is less likely to be provoked by 
adrenergic-mediated increases in myocardial oxygen demand 
and the benefit derived from treatment with [3-adrenoceptor 
blockers may be reduced. 

Acute Myocardial Infarction 

In the elderly, in-hospital and subsequent mortality, rein- 
farction and complications are all increased [19]. Likewise, 
perioperative myocardial infarction carries a considerably 
higher mortality in the elderly [13,20]. In addition, age is an 
independent predictor of adverse outcome following various 
therapeutic interventions, such as percutaneous transluminal 
angioplasty, coronary stenting and thrombolysis [13,21]. 

Increased mortality and morbidity in the elderly after 
myocardial infarction and therapeutic cardiovascular inter- 
ventions have many causes. They include greater impairment 
of baseline left ventricular function, more advanced mul- 
tivessel disease, higher rate of major complications [21], 
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greater risk of cardiac rupture despite comparable infarct size 
(probably on the basis of age-related morphological 
changes), higher rate of vascular complications [21], in- 
creased incidence of non-cardiac complications (e.g. stroke 
and hemorrhage), greater likelihood of interventions being 
performed under emergency conditions [21], lower proce- 
dural success [21], more contraindications to thrombolytic 
therapy, longer times between onset of symptoms and pres- 
entation for evaluation and treatment, blunted catecholamine 
response, impaired renal and respiratory reserve, and coexist- 
ing diseases [13, 21,22], 

DEMOGRAPHICS OF ISCHEMIC HEART DISEASE 
IN THE ELDERLY 

Expanded life span among the elderly population in both 
North America and western European countries has in- 
creased the prevalence of coronary artery disease. The popu- 
lation of the 85 years and older increases 10 times faster than 
the average population. Average life expectancy at 80 years 
exceeds 8 years and is still around 6 years at 89 years [23]. 
According to the US statistics, up to 25% of octogenarians 
are significantly affected by cardiovascular disease [23]. 
Over the next 20 years, the absolute number of American 
citizens reaching at least 85 years is expected to double pass- 
ing from 9.3 millions to 19.5 millions, which will make the 
demand for cardiovascular medical care literally explode 
[24]. 

Age is the most powerful predictor of cardiovascular 
adverse events after acute coronary artery syndrome [25]. 
For each aging decade, in-hospital death rises by 70%. Al- 
though citizens of at least 75 years old represent only 6% of 
the US population, they are responsible for 60% of the in- 
hospital deaths related to myocardial infarction (MI). Ac- 
cording to the World Health Organization (WHO), preva- 
lence of cardiovascular disease will increase by 120% in men 
and by 137% in women during the next two decades mainly 
due to the aging of the current population [23]. Although the 
average age of the first MI is 65.8 years in men and 70 years 
in women, candidates from both sexes are expected to sur- 
vive this event by more than 15 years [25]. In spite of this 
astonishing demographic outbreak and the surge for medical 
care it will create, the elderly population still does not re- 
ceive all the proper attention they deserve [26,27]. 

CORONARY REVASCULARIZATION IN THE ELD- 
ERLY 

Selection of the most appropriate treatment pathway for 
elderly patients with ischemic heart disease requires careful 
evaluation of the risks and benefits of three forms of treat- 
ment: medical therapy, percutaneous coronary intervention 
(PCI) and CABG surgery, on an individual basis. Two recent 
studies have examined outcomes in the elderly when as- 
signed to revascularization versus optimal medical therapy 
[28,29]. Trial of invasive versus medical therapy in elderly 
patients with chronic symptomatic coronary artery disease 
(TIME), a prospective randomized trial involving 305 pa- 
tients with angina, found that, at 6 months revascularization, 
percutaneous or surgical, was associated with an improved 
quality of light and fewer major cardiac events (19 vs 49%) 
than optimized medical treatment [28]. The authors con- 
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eluded that elderly patients with symptoms not controlled by 
medication benefit from angiography with a view to revascu- 
larization. The Alberta Provincial PRoject for Outcome As- 
sessment in Coronary Heart disease (APPROACH) observa- 
tional study analyzed the absolute risk reduction in late mor- 
tality following CABG or PCI compared with medical ther- 
apy, based on a cardiac catheterization database of more than 
6000 elderly patients with ischemic heart disease [29]. Inter- 
vention improved outcome in all groups compared with 
pharmacological therapy and persisted after accounting for 
potential selection biases; paradoxically, the greatest benefit 
was found in the oldest patients (>80 years of age), with sur- 
vival improvements of 17.0% for CABG and 11.3% for PCI, 
respectively. 

Recently, to appreciate how modern therapeutics could 
benefit the elderly with acute coronary syndrome, the CRU- 
SADE (Can Rapid Risk Stratification of Unstable Angina 
Patients Suppress Adverse Outcomes with Early Implemen- 
tation of the ACC/AHA Outcomes Guidelines) investigators 
revised the results of the study, including age/stratification 
designed to compare contemporary in-hospital treatment 
patterns and outcomes of elderly patients with non-ST- 
segment elevation acute coronary syndrome (ACS) with 
their younger counterparts [30]. Patients were clustered into 
four age groups: below 65, 65-74, 75-84, and above 85 
years old. In-hospital death increased with age from 1.9% 
below 65 years to 11.5% above 85 years, even after adjust- 
ment for risk factors (odds ratio 3.00). Occurrence of other 
in-hospital events correlated with age, cardiac failure, stroke, 
recurrent MI, and transfusion need being the most common. 
Even though close to 60% of the 85 years and older patients 
had an in-hospital coronary angiogram, less than 20% had 
PCI performed compared with 50% in those below 65 years 
of age. On average, CABG was performed in 10% of the 
patients until the age of 80 years abruptly dwindling down 
after. Age correlated with a lesser use of aspirin, beta- 
blockers, heparin, clopidogrel, and platelet glycoprotein 
Ilb/IIIa inhibitors, even though the use of these five guide- 
lines-recommended therapies was associated with lower in- 
hospital mortality. This remained true even after correcting 
for other risk factors regardless of patient age. Authors con- 
cluded that future work was required to clarify treatment and 
prevention of ACS in the elderly [30]. 

OUTCOMES OF PCI IN THE ELDERLY 

The results of both PCI and CABG are improving 
[31,32], although the exponential rise of PCI over the last 
decade has made it the principal method of coronary revas- 
cularization. In the elderly, PCI is beneficial, but the rate of 
complications increases disproportionately [32,33] and coro- 
nary anatomy is often less amenable [34]. A study of PCI in 
8828 octogenarians during 1998-2000 found angiographic 
success in 93% with stents placed in 75% of patients [35]. 
Post-procedural mean length of stay was 3.3 days with an in- 
hospital mortality of 3.77%, decreasing to 1.35% in patients 
without recent MI (p < 0.0001). 

Over the past decade, device technology of drug-eluting 
stents has evolved with a concomitant improvement in out- 
comes of PCI in the elderly. A recently published report 
from the randomized multicentre SPIRIT III trial comparing 
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the outcomes in elderly and younger patients treated with 
everolimus-eluting stent (EES) versus paclitaxel-eluting 
stent (PES) has shown that implantation of both EES and 
PES appears to be safe in elderly patients [36]. However, 
currently published experience of the use of drug-eluting 
stents in the elderly is limited. Furthermore, the long-term 
outcomes of current PCI technology and the clinical rele- 
vance of incomplete revascularization following PCI in the 
elderly are yet to be determined. 

OUTCOMES OF CONVENTIONAL CORONARY AR- 
TERY BYPASS GRAFTING IN THE ELDERLY 

Although old age is seen as a significant risk factor for 
conventional cardiac surgery, recent publications have re- 
ported favorable outcome in elderly patients. CABG in octo- 
genarians relieves angina effectively [2,37]. The overall mor- 
tality after CABG in elderly patients has steadily declined 
over the years with improvements in surgical techniques. 
The crude survival rates after CABG in individuals aged >75 
years in the UK has increased from 92.4% (n = 821) in 1998 
to 94.1% (n = 1804) in 2001 [2]. In 2008, patients > 80 years 
made up 4.4% of all CABG operations performed in the UK 
with a marked fall in the mortality of patients over the age of 
75 years from 5.0% in 2004 to 3.4% in 2008 according to the 
sixth national adult cardiac surgery database report of the 
Society for Cardiothoracic Surgery in Great Britain & Ire- 
land. 

Modern literature acknowledges an operative mortality 
between 2.7 and 6.4% for isolated CABG and a 5-year life 
expectancy of 65% [38-40]. A large study found a 34% re- 
duction in risk-adjusted operative mortality in elderly people 
(1982-96), apart from confirming a time-related increase in 
the prevalence of older patients and an increase in the preop- 
erative risk profile of these patients. But, when compared 
with patients of a younger age group, those aged >75 years 
continue to have poorer short-term outcomes [1]. In an 
analysis of 6057 patients who underwent isolated CABG 
between 1996 and 2002, the 30-day mortality rate and the 
incidence of postoperative complications was found to 
largely escalate with age [41]. In-hospital outcomes and cost 
were examined among 2272 elderly people (>75 years) and 
9745 younger patients (<75 years) who underwent CABG 
between 1997 and 2001 in another study [42]. After control- 
ling for clinical differences, age >75 years was found to be 
associated with a longer length of hospital stay, higher mor- 
tality rates and higher in-hospital cost [42], 

Recent data from prospective and randomized trials have 
even reported more favorable outcome with conventional 
CABG surgery over PCI, especially for diabetes and patients 
above 65 years of age [40,43]. Over time, prevalence of 
postoperative complications and use of hospital resource 
have significantly declined in this population [39]. Maganti 
et al. [39] have reported a regression in operative mortality 
among octogenarians from 7.1 to 3.2% along with a de- 
creased incidence of postoperative complications such as 
stroke, low cardiac output, and use of intra-aortic balloon 
pump. Concomitantly, they documented an increased preva- 
lence of risk factors such as diabetes, dyslipidemia, hyper- 
tension, and left main disease in this population. 
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As CABG effectively relieves angina and may prolong 
survival, improved quality of life could be expected after 
surgery. Equally important to determining the overall quality 
of life is the need to determine the effect that CABG has on 
physical and mental health. Data available to help clinicians 
identify those elderly patients who are likely to have an im- 
provement in quality of life after CABG are limited. Al- 
though hospitalisation may be longer for elderly patients, 
physiological, psychological and social recovery patterns 
through the first 6 weeks postoperatively have been reported 
to be similar to those of a younger age group [44]. In a study 
which used self-reported health questionnaires in 1744 pa- 
tients aged >65 years undergoing CABG, significant im- 
provements were noted in quality of life after a 6-month fol- 
low-up [45]. This benefit was present across all age groups 
and was found to be particularly magnified in patients who 
had a poorer preoperative health status. Hedeshian et al. [37] 
found that patients aged >70 years presented for CABG at a 
lower functional level than younger patients, but the marked 
improvement in functional capacity that occurred after sur- 
gery was comparable among all age groups. More recently, 
survivors among octogenarians who underwent isolated 
CABG were found to have an excellent quality of life for up 
to 5 years after surgery [45]. Hence, excellent long-term 
survival after CABG in elderly people may indeed be ac- 
companied by an equally satisfactory quality of life in the 
majority. 

RATIONALE FOR THE USE OF OFF-PUMP CORO- 
NARY ARTERY BYPASS GRAFTING IN THE ELD- 
ERLY 

Off-pump coronary artery bypass (OPCAB) grafting, in 
recent years, has emerged as an effective surgical technique, 
and may be of particular benefit in high-risk populations 
including the elderly. Conventional CABG using cardiopul- 
monary bypass (CPB) and cardioplegic arrest has, for many 
years, represented the "gold standard" in coronary revascu- 
larisation. However, over the past decade OPCAB has 
gained increasing popularity. Resurgence of interest in OP- 
CAB is associated with the expectation that avoiding delete- 
rious effects of the CPB pump leads to better outcomes and 
possibly decreased costs and resource utilization [46]. OP- 
CAB is clearly associated with blunting of systemic inflam- 
matory response syndrome (SIRS) [47]. SIRS results from a 
cascade of events generated by the contact of plasma prote- 
ases and blood cells with the gaseous interface and bioin- 
compatible surfaces of the CPB machine. High-risk patients 
including the elderly are particularly susceptible to damage 
by these inflammatory mediators [48,49]. There is over- 
whelming evidence from randomized controlled trials, pro- 
pensity score analyses and observational studies that OP- 
CAB is associated with reductions in the risks for stroke, 
atrial fibrillation, wound infection, and acute kidney injury 
[50-56]. OPCAB also reduces transfusion and ino trope re- 
quirements, ventilation time, intensive care unit and hospital 
stays, and in-hospital and 1-year direct costs [50-56]. Since 
atrial fibrillation, decline of neurocognitive functions, delir- 
ium, stroke, increased length of stay, and renal failure are 
common complications more frequently encountered in this 
population [57,58], it makes sense to offer OPCAB surgery 
to the elderly patients. 
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OUTCOMES OF OFF-PUMP CORONARY ARTERY 
BYPASS GRAFTING IN THE ELDERLY 

Advanced age is an independent risk factor for mortality 
after CABG surgery [57]. Avoiding CPB can hamper com- 
plications and mortality related to revascularization surgery 
[59-62]. Elderly patients are particularly sensitive to the side 
effects of the CPB and require increased resource utilization 
compared with younger patients [63-65]. The current litera- 
ture comparing on and off-pump technique in elderly pa- 
tients is quite modest and reflects the difficulty to enroll 
these very fragile patients in prospective randomized studies. 
Nevertheless, many nonrandomized studies and subgroup 
analyses of randomized trials, have demonstrated potential 
benefit of avoiding CPB in the elderly population (Tables 1 
and 2) [66-97]. 

Mortality 

Age is an independent predictor of postoperative morbid- 
ity and mortality among elderly patients undergoing CABG 
[64,98]. In such patients minimizing the invasiveness of the 
surgical procedure by avoiding the use of CPB is an attrac- 
tive option to improve outcomes. 

Panesar et al. [65] in an extensive review of the 1999- 
2005 literature targeting older patients, operated either on or 
off-pump, have come up with an exhaustive meta-analysis of 
the topic. They identified 1533 patients in the OPCAB group 
and 3388 patients in conventional group. Primary endpoint 
was operative mortality and stroke, and secondary endpoints 
were prevalence of atrial fibrillation, renal failure, and length 
of hospital stay. They categorized the patients into three dis- 
tinct groups: above 70 years, above 75 years, and above 80 
years old. At large, operative mortality was diminished in the 
OPCAB group (p = 0.01) and more specifically in the oldest 
group (p = 0.007). 

Majority of the publications since 2005, analyzing impact 
of OPCAB and CPB on mortality in elderly, report similar 
in-hospital mortality rates for conventional CABG and OP- 
CAB with the overall early mortality for this high-risk group 
ranging from 4.6% to 5.9% (Table 2) [66,67,69-71]. How- 
ever, some recent nonrandomized studies such as the pro- 
pensity score analysis by Meco et al. [72] have shown that 
mortality is higher in the patient group operated with CPB as 
compared to patients operated without CPB (12.2% vs 1.3%, 
p = 0.01). Furthermore, their logistic regression analysis has 
shown that avoiding CPB is an independent protective factor 
for mortality and morbidity in the elderly. 

Stroke 

Coronary artery bypass surgery is associated with ad- 
verse neurological complications, of which stroke is the most 
debilitating. Despite the improvement in surgical techniques 
and cardioplegic agents, along with the introduction of 
membrane oxygenators and in-line filtration, there is a per- 
sistent stroke rate associated with CABG ranging from 1% to 
5% [99,100]. It is estimated that 3000 to 15,000 patients 
each year suffer a stroke in the perioperative period after 
CABG [99,100]. Age is identified as an independent predic- 
tor of stroke [101,102]. The increasing risk with older age 
has been related to the higher prevalence of diseased aorta 
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Table 1. Studies Comparing Outcomes of On-pump and Off-pump Coronary Artery Bypass Grafting in Elderly 
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Author, 
Reference (Year) 


No. of Patients 
OPCAB/CPB 


Type of Study 


Level of Evidence 


Definition of Elderly 

(Years) 


Exclusion 
Criteria* 


Saleh [66] (2011) 


156/187 


Retrospective* 


2b 


>80 


3, 5 


LaPar[67] (2011) 


404/1589 


Retrospective 


2b 


>80 


3, 5 


Tugtekin [71] (2007) 


107/237 


Retrospective 


2b 


>80 


3 


Meco [72] (2007) 


78/41 


Retrospective' 


2b 


>75 


3 


D' Alfonso [81] (2004) 


73/41 


Retrospective 


2b 


>80 


ND 


Deuse [87] (2003) 


53/66 


Retrospective 


2b 


>75 


ND 


Meharwal [88] (2002) 


186/389 


Retrospective 


2b 


>70 


3,4 


Demaria [89] (2002) 


62/63 


Retrospective 


2b 


>80 


ND 


Hoff [90] (2002) 


59/69 


Retrospective 


2b 


>80 


1,2 


Ascione [91] (2002) 


219/771 


Retrospective 


2b 


>70 


ND 


Hirose [93] (2001) 


104/74 


Retrospective 


2b 


>75 


ND 


Al-Ruzzeh [94] (2001) 


56/87 


Retrospective 


2b 


>75 


2-4 


Ricci [95] (2000) 


97/172 


Retrospective 


2b 


>80 


Nil 


Koutlas [96] (2000) 


53/220 


Retrospective 


2b 


>75 


3,5 


Boyd [97] (1999) 


30/70 


Retrospective 


2b 


>70 


ND 



♦Exclusion criteria: 1, emergency operation; 2, minimally invasive direct coronary artery bypass grafting; 3, coronary grafting in combination with other cardiac surgical procedures; 

4, <2 grafts; 5, repeat surgery; 6, catastrophic stage: unstable hemodynamic status or severe ischemia that could not be stabilized with inotropes or intra-aortic balloon pump. 

ND = not defined 

f Propensity matched analysis 



which may lead to perioperative atheroembolism from aortic 
arch plaque [103]. Indeed, the identification of an atheroscle- 
rotic ascending aorta has been reported as the single, most 
significant marker for an adverse cerebral outcome after 
CABG [103], reflecting the role of aortic atheroembolism as 
the main cause of ischemic stroke [104]. 

Over the last decade, prevalence of stroke after CABG 
surgery has significantly decreased in octogenarians, and 
recent reports quote a risk of 2% (Table 2) [39]. Prevalence 
still remained twice as high as what is currently seen in 
younger patients [105]. Prevention definitely remains the key 
issue in the management of this complication [23]. Athana- 
siou et al. [62] in their meta-analysis of all observational 
studies, published in MEDLINE between 1999 and 2002, 
showed that the OPCAB technique was associated with sig- 
nificantly lower incidence of stroke in elderly patients com- 
pared with the CPB technique (1% vs 3%), with an odds ratio 
of 0.38% to 95% (confidence interval [CI], 0.22 to 0.65). 
Similar results have been reported by Panesar et al. [65] 
Their meta-analysis showed a significant reduction in OP- 
CAB patients above 70 years old compared with conven- 
tional CABG surgery (0.9% versus 3.9%, p = 0.05). The 
strongest benefit was observed in the octogenarians. Even 
though history of previous stroke was more frequent in OP- 
CAB surgery octogenarians patients (15.4 versus 8.9%), oc- 
currence of new postoperative stroke was significantly 
higher with conventional surgery (p = 0.002). Less invasive 
nature of OPCAB with minimal manipulation of atheroma- 



tous aorta could account for the reduction of postoperative 
stroke in the elderly. 

Cognitive Impairment 

Cognitive deficits have been documented in a majority of 
patients after cardiac surgery [106]. Off -pump surgery has 
been shown to better preserve neurocognitive impairment 
than conventional CABG surgery [59,107-109]. The patho- 
physiology of these neurocognitive deficits appears to be 
multifactorial [110]. Prospective randomized trials specifi- 
cally designed to explore the potential benefit of OPCAB 
surgery on postoperative neurocognitive functions have con- 
firmed the benefit of OPCAB surgery in the first 3 months 
after surgery [59,70,74,107-109,111,112]. Interestingly, Jen- 
sen et al. [74] failed to show a difference in the incidence of 
cognitive dysfunction 3 months after either OPCAB or con- 
ventional CABG in a substudy of the randomized Best By- 
pass Surgery trial. In this study a total of 120 elderly patients 
(mean age 76 + 4.5 years) underwent psychometric testing 
before surgery and at a mean of 103 + 15 days postopera- 
tively with a neuropsychological test battery that included 7 
parameters from 4 tests. Cognitive dysfunction was defined 
as the occurrence of at least 2 of the 7 possible deficits. Sec- 
ondary analysis was performed on the basis of the definition 
of a 20% decline in cognitive scores compared with baseline, 
and with z score analysis. Cognitive dysfunction was identi- 
fied in 4 of the 54 patients (7.4%, 95% CI 2.1% to 17.9%) in 
the OPCAB group and 5 of the 51 patients (9.8%, 95% CI 
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Table 2. Outcomes of On-pump and Off-pump Coronary Artery Bypass Grafting in Elderly 



Author, 
Reference (year) 


No. of Patients 
OPCAB/CPB 


Mortality(%) 
OPCAB/CPB 


Stroke(%) 
OPCAB/CPB 


AF(%) 
OPCAB/CPB 


RF(%) 
OPCAB/CPB 


LOS(days) 
OPCAB/CPB 


Saleh[66] (2011) 


156/187 


4.7/6.5 


1.9/5.4 


28.2/43.9 


13.5/15.5 


10/9 


Lar ar [0 / J {z,vj 1 1 ) 


4U47 1 Joy 


< Q/< 1 

j.y/j.i 


1 7/0 A 
1 . / /Z.O 


01 ^ns /i 

Z 1 J/Zo.4 


A O/G 1 
D.Z/o. 1 


10 i/n o 

1Z.J/ 1Z.Z 


lugteKin [/1J 
(2007) 


1 f!7/017 


J. / fJ.L 


XJ/I.J 


oq q 

Zj.j/Zj.j 


0 ft/O 1 
Z.o/Z. 1 


INK 


ivieco [ / (,zuu / ) 


7S/A1 


1 .Jl 1Z.Z 


r\/A o 
u/4.y 


0 1 e/OA e 
Zl.o/zo.o 


n/1 o o 

U/ 1Z.Z 


IU.j/Zj.j^ 


D' Alfonso [81] 

(ZULM- ) 


73/41 


6.8/14.6* 


1.4/2.4 


4.1/14.7 


2.4/2.6 


NR 


ueuse L"'J (zuujj 


3 J/OO 


"7 ^ /O 1 


U/U 


INK 


INK 


O A/Q 7 
y.O/y. 1 


Meharwal [88] 
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Demaria [89] 
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19.8/14.5 
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Hoff [90] (2002) 
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56/87 
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29/41 
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Ricci [95] (2001) 


97/172 


5.2/10.3 


0/9.3* 


NR 


4.1/4.1 


9.1/10.8 


Koutlas [96] 
(2000) 


53/220 


0/7.6* 


2.2/2.3 


26/26 


0/3.5 


4.4/8.4* 


Boyd [97] (1999) 


30/70 


0/1.7 


0/6.7 


10/28.3* 


NR 


6.3/7.7* 



AF = atrial fibrillation; CPB = cardiopulmonary bypass; LOS = length of stay; NA = not reported; RF = renal failure; OPCAB = off-pump coronary artery bypass 
*p<0.05 



3.3% to 21.4%) in the conventional CABG group. At 1 year 
follow-up the findings remained the same [70]. 

The reasons for the limited differences in cognitive out- 
come between the treatment groups observed in the study 
Jensen et al. [74] may be explained in several ways. When 
one examines the literature, the crucial step of finding a sig- 
nificant neurocognitive deficit is in determining the defini- 
tion itself. The definition of a significant deficit varies, and 
the lower the threshold of "deficit" is determined to be, the 
more patients there will be who have a deficit. This level is 
arbitrary from research group to research group and varies 
from a deterioration of 1 SD in 1 or more tests, a deteriora- 
tion of 20% or 25% in at least 1 or 2 tests, to the use of a 
standardized z score or composite z score [113]. The defini- 
tion of cognitive dysfunction in the study by Jensen et al. 
[74] was more restrictive than the "20% criterion" and the 
definition with the z score. In the analyses of the test results 
from Jensen's study [74], the evaluation of cognitive func- 
tion was based on differences between preoperative and 
postoperative performance. Therefore, the association be- 
tween early and late cognitive outcome could be explained 
by regression toward the mean [114], because generally, the 



use of scores favors patients with poor preoperative perform- 
ance because of the "protective" effect of low baseline per- 
formance [113]. 

Another explanation involves the short-term follow-up in 
Jensen's study [74], because it has been suggested that im- 
proved cognitive outcome with an OPCAB procedure may 
only become clear in the long term, van Dijk et al. [Ill] 
found an increasing incidence of cognitive decline from 3 to 
12 months, and Newman et al. [115] found cognitive decline 
in 24% of patients 6 months after conventional CABG, 
which increased to 42% after 5 years. 

A final explanation might be that the OPCAB technique 
is a new source of cognitive dysfunction caused by de- 
creased cerebral perfusion pressure during episodes of ele- 
vated central venous pressure and corresponding decreased 
arterial blood pressure, in connection with dislocation of the 
heart during surgical exposure of the posterior cardiac wall 
[116]. The influence of systemic mean arterial pressure dur- 
ing CPB and neurological outcome has been the subject of 
considerable debate. Commonly, a mean arterial pressure of 
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50 to 60 mm Hg when the patient is undergoing CPB is re- 
garded as safe to avoid neurological complications [74]. 

Postoperative Atrial Fibrillation 

Atrial fibrillation (AF) is the most common complication 
after cardiac surgery, with little change over the past 2 dec- 
ades [117]. Postoperative AF increases hospital morbidity 
and mortality and has significant adverse effects on patient 
recovery. The lengthening of hospital stay and the conse- 
quent burden caused by the occurrence of postoperative AF 
has led to an extensive scrutiny of predisposing factor and 
preventive strategies [118,119]. 

Aging increases the prevalence of AF by 44% in every 
10 years [23]. At least three recent meta-analyses have ques- 
tioned the influence of OPCAB surgery on postoperative AF. 
The first one included all observational studies comparing on 
and off-pump revascularization on patients above 70 years of 
age and demonstrated a reduced incidence of postoperative 
AF in favor of OPCAB patients (21.9% versus 28.5%, p = 
0.003) [105]. The second one included all randomized and 
propensity score-matched nonrandomized studies published 
between 2001 and 2003 comparing both techniques regard- 
less of age [120]. Their results suggested that OPCAB sur- 
gery could reduce the incidence of postoperative AF in the 
general population (age <70 years), but the optimal 'protec- 
tive effect' was not as strong as recorded in the older popula- 
tion. The meta-analysis on benefit of OPCAB in elderly by 
Panesar et al. [65] although targeting mostly in-hospital mor- 
tality and stroke, showed a benefit in favor of OPCAB for all 
groups above 70 years old confirming the findings of the 
other studies. 

Postoperative Renal Dysfunction 

Renal dysfunction is a serious complication after coro- 
nary artery bypass surgery with cardiopulmonary bypass. 
Cardiopulmonary bypass-related non-pulsatile flow, hypo- 
thermia, hemolysis, systemic inflammatory reactions and 
emboli are mentioned as possible causes for this postopera- 
tive renal dysfunction [54]. In addition advanced age is an 
important predictor of postoperative renal dysfunction after 
CABG [121], A recent propensity-based study conducted on 
2041 patients confirmed these findings [122]. However, a 
meta-analysis of 6 randomized controlled trials and 16 ob- 
servational studies, comprising 27,806 patients, failed to 
show strong benefit in the elderly population regarding OP- 
CAB and renal failure [123]. Currently, the evidence on this 
issue is limited and further studies are required to clarify this 
topic. 

Resource Utilization 

Advanced age is associated with diminished physiologic 
reserve and increased comorbid illnesses, including diabetes, 
chronic obstructive pulmonary disease, cerebrovascular dis- 
ease, and peripheral vascular disease. These comorbidities 
lead to increased postoperative complications and resource 
utilization in this population. In an era of fiscal constraint 
and fixed resources, management of the elderly CABG pa- 
tient poses significant medical and ethical challenges for both 
healthcare providers and healthcare administrators. Boyd et 
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al. [97] have examined the cost of OPCAB and conventional 
CABG surgery in the geriatric population. They hypothe- 
sized that postoperative morbidity was responsible for longer 
intensive care unit (ICU) and hospital stays. They grouped 
together patients who had an ICU stay longer than 24 hours 
and/or a hospital stay longer than 8 days, and defined these 
individuals as adverse economic outcomes. The prevalence 
of adverse economic outcomes was four times higher in the 
CABG population (OPCAB 10% vs CABG 40%, p < 0.005). 
Furthermore, the reduction in hospital resources in the OP- 
CAB patients resulted in an average savings of CAN $1,082 
per patient in this group. These savings were based solely on 
decreases in hospital stay and ICU stay, and did not include 
additional savings yielded from decreased operating room 
equipment costs or blood product usage. Again the evidence 
on this topic is scant at present. 

Quality of Life 

The success of cardiac surgery is not solely judged by its 
effects on mortality but also by its neuropsychological and 
emotional consequences, and by its influence on health- 
related quality of life (HRQoL) [124]. Changes in cognitive 
function have been associated with reduced HRQoL 1 year 
[124] and 5 years after cardiac surgery in terms of lower 
general health and a less productive working status [125]. A 
randomized study, using a post-test only design, compared 
medical treatment to invasive treatment in 113 patients with 
inducible ischemic heart disease. At an average follow-up of 
36 months, more invasively treated patients had concentra- 
tion difficulties but better HRQoL scores in the physical 
variables [126]. CABG appears to have a beneficial effect on 
psychological function and HRQoL for the majority of pa- 
tients [127]. 

Jensen et al. [73] have conducted to date the first and 
only randomized study to evaluate the effect of off-pump 
versus on-pump CABG on changes in various aspects of 
HRQoL in elderly moderate to high-risk patients during the 
first 3 months after the operation. After randomization and 
before heart surgery, 120 consecutive patients were asked to 
fill in the Medical Outcomes Study Short Form 36 (SF-36) 
and Major Depression Inventory diagnostic scale for self- 
report of HRQoL. Three months after surgery, the same ques- 
tionnaires were mailed to the patients. The response rate was 
96.5%. At baseline, the groups were comparable except for a 
difference in educational level. Both groups improved in all 
eight SF-36 domains from baseline to 3 months. No statisti- 
cal differences were seen between the groups except for 
changes in mean difference of role limitation due to emo- 
tional problems, which was significantly (p = .04) improved 
in favor of the on-pump group. Depression scores remained 
unchanged within and between the two surgical groups. Both 
on-pump and off-pump patients improved in health-related 
quality of life scores after CABG surgery. No clinically rele- 
vant difference between the groups could be demonstrated. 
However, despite being a randomized study, generalizations 
of these findings is limited by the fact that it is a single cen- 
tre experience and there is need for further studies to verify 
whether or not there is an improvement in HRQoL among 
OPCAB elderly patients compared to patients undergoing 
on-pump CABG. 
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COMMENT 

Cardiac surgery has been increasingly offered to the eld- 
erly patients particularly octogenarians over the past decade. 
Increasing age is a well-established independent predictor of 
postoperative morbidity and mortality among patients under- 
going CABG. In such patients minimizing the invasiveness 
of the surgical procedure by avoiding the use of CPB seems a 
reasonable strategy to improve outcomes. OPCAB due to its 
less invasive nature appears an attractive option to reduce the 
mortality and morbidity in high-risk elderly patients. 

At present, the evidence comparing impact of OPCAB on 
postoperative complications in elderly fails to show a con- 
vincing benefit of avoiding CPB. At the author's institution 
(Table 3), with a significant bias for OPCAB revasculariza- 
tion in the elderly particularly octogenarians, outcomes of 
OPCAB are comparable to outcomes for CABG on CPB. In 
our experience the only benefits associated with OPCAB, 
were a shorter postoperative period of intensive therapy unit 
(ITU) stay and hospital stay along with lesser use of 
inotropes, blood product usage and re-exploration for bleed- 
ing Such findings although seemingly trivial, may translate 
into substantial savings in this group of patients with a 
higher-level of resource utilization perioperatively. 
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It is however, important to mention that despite a shorter 
ITU and hospital stay among OPCAB patients lengthy reha- 
bilitation was needed in elderly patients postoperatively irre- 
spective of surgical strategy utilized. 

The current evidence on the topic is fraught with limita- 
tions. Majority of the studies are retrospective, single center 
observational studies, and therefore prone to a degree of se- 
lection bias. The retrospective nature along with the rela- 
tively long time period these studies cover may carry un- 
known variables affecting outcomes that remain unaccounted 
for in the final analysis in all of these studies. Furthermore, 
as the population size for elderly especially octogenarians 
remains relatively small when compared to the total volume 
of most surgical units therefore size of the study populations 
in most studies remains small. Last but not the least, majority 
of the studies report short-term or early outcomes and there 
is a need for further studies with longer follow-up. 

CONCLUSION 

The elderly are the fastest growing segment of the CABG 
patient population. These patients often have concomitant 
diseases, such as renal insufficiency, chronic obstructive 
pulmonary disease, peripheral vascular disease, prostatic 



Table 3. Outcomes of Off-pump and On-pump Coronary Artery Bypass Grafting in Octogenarians at Harefield Hospital (January 
2001-December 2010) 



Variable 


OPCAB 


ONCAB 


p value 


Number of patients 


217 


73 


<0.001 


Age (range, years) 


80-89 


80-88 




Age (mean, years) 


82.04 


81.89 


NS 


Females 


73 (33.6) 


17 (23.3) 


NS 


Logistic EuroSCORE 


9.5 


8.8 


NS 


Mortality 


17(7.8) 


5 (6.8) 


NS 


AF/SVT 


86 (39.6) 


31 (42.5) 


NS 


Renal failure 


46 (21.2) 


15 (20.5) 


NS 


Inotropes 


61 (28.1) 


37 (50.7) 


<0.001 


Sfroke/TIA 


1/1 (0.9) 


1/1 (2.7) 


0.04 


Chest infection 


35 (16.1) 


13 (17.8) 


NS 


GI complications 


14(6.5) 


7 (9.6) 


0.04 


Re-exploration for bleeding 


9(4.1) 


14(19.2) 


<0.001 


Sternal wound infection 








Superficial 


14 (6.5) 


2 (1.4) 


0.02 


Deep 


5 (2.3) 


2(1.4) 


NS 


Blood product usage 


58 (26.7) 


49 (67.1) 


<0.001 


ITU LOS (hours) 


27.2 


53.9 


<0.001 


Hospital LOS (days) 


15.97 


17.25 


0.03 



AF = atrial fibrillation; GI = gastrointestinal; ITU = intensive therapy unit; LOS = length of stay; NS = not significant; ONCAB = on-pump coronary artery bypass; OPCAB = off- 
pump coronary artery bypass; SVT = supraventricular tachycardia; TIA = transient ischemic attack 
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enlargement complicated by urinary retention, and degenera- 
tive cerebral disease. The overall reduction in the operative 
mortality and morbidity after CABG due to recent techno- 
logical advances in surgical and anesthetic techniques and 
improvements in postoperative care has made CABG a valid 
option of treatment for this group of patients. The decision 
for surgery is complex in this group of patients and one must 
take into account several elements, such as the lack of syn- 
chronism between physiological age and chronological age, 
the quality of life, and the risk- benefit ratio. Furthermore, 
the risk of death from a cardiac operation in elderly patients 
can be reduced to that of younger patients with consistent 
and careful application of modern techniques and clinical 
practices. OPCAB, due to its less invasive nature compared 
to conventional CABG, appears an attractive option to re- 
duce procedure specific mortality and morbidity in the eld- 
erly. However, current observational studies with small 
numbers, examining the impact of avoiding CPB on early 
mortality and morbidity in the elderly, have yielded variable 
results. It is expected that in the coming years adequately 
powered studies, with randomized design and long-term fol- 
low-up, will provide more concrete evidence to verify the 
safety and efficacy of OPCAB in the elderly. 
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